This study investigates the influence of the porosity of fiber mesh scaffolds obtained from a blend of starch and poly(-caprolactone) on the proliferation and osteogenic differentiation of marrow stromal cells cultured under static and flow perfusion conditions. For this purpose, biodegradable scaffolds were fabricated by a fiber bonding method into mesh structures with two different porosities-50 and 75%. These scaffolds were then seeded with marrow stromal cells harvested from Wistar rats and cultured in a flow perfusion bioreactor or in 6-well plates for up to 15 days. Scaffolds of 75% porosity demonstrated significantly enhanced cell proliferation under both static and flow perfusion culture conditions. The expression of alkaline phosphatase activity was higher in flow cultures, but only for cells cultured onto the higher porosity scaffolds. Calcium deposition patterns were similar for both scaffolds, showing a significant enhancement of calcium deposition on cellscaffold constructs cultured under flow perfusion, as compared to static cultures. Calcium deposition was higher in scaffolds of 75% porosity, but this difference was not statistically significant. Observation by scanning electron microscopy showed the formation of pore-like structures within the extracellular matrix deposited on the higher porosity scaffolds. Fourier transformed infrared spectroscopy with attenuated total reflectance and thin-film X-ray diffraction analysis of the cell-scaffold constructs after 15 days of culture in a flow perfusion bioreactor revealed the presence of a mineralized matrix similar to bone. These findings indicate that starch-based scaffolds, in conjunction with fluid flow bioreactor culture, minimize diffusion constraints and provide mechanical stimulation to the marrow stromal cells, leading to enhancement of differentiation toward development of bone-like mineralized tissue. These results also demonstrate that the scaffold structure, namely, the porosity, influences the sequential development of osteoblastic cells and, in combination with the culture conditions, may affect the functionality of tissues formed in vitro. cells, is characterized by sequential events involving cell proliferation, expression of osteoblastic markers, and the synthesis, deposition, and mineralization of a collagenous matrix. 1 These events are greatly affected not only by the type of scaffold material in which the cells are seeded, 2-6 but also by the culture environment. 3, 4, 7 Adequate porosity and surface area are widely recognized [8] [9] [10] [11] as important parameters in the design of scaffolds for tissue engineering. Other architectural features, such as pore morphology and interconnectivity between pores of the scaffolding materials, are also suggested to be important for cell seeding, migration, growth, mass transport, gene expression, and new tissue formation in three dimensions. 8, 9, 12 For example, fiber mesh scaffolds typically exhibit large surface areas for cell attachment and high pore interconnectivity for adequate diffusion of nutrients.
INTRODUCTION I
N BONE TISSUE ENGINEERING STRATEGIES based on cellscaffold constructs, the macro-and microstructural properties of the scaffolds, in conjunction with the cell culture environment, may play a very important role in the proliferation and differentiation of cells into the desired phenotype and, consequently, affect the performance of the construct after implantation. Bone tissue formation by osteogenic cells, such as marrow stromal cells, is characterized by sequential events involving cell proliferation, expression of osteoblastic markers, and the synthesis, deposition, and mineralization of a collagenous matrix. 1 These events are greatly affected not only by the type of scaffold material in which the cells are seeded, [2] [3] [4] [5] [6] but also by the culture environment. 3, 4, 7 Adequate porosity and surface area are widely recognized [8] [9] [10] [11] as important parameters in the design of scaffolds for tissue engineering. Other architectural features, such as pore morphology and interconnectivity between pores of the scaffolding materials, are also suggested to be important for cell seeding, migration, growth, mass transport, gene expression, and new tissue formation in three dimensions. 8, 9, 12 For example, fiber mesh scaffolds typically exhibit large surface areas for cell attachment and high pore interconnectivity for adequate diffusion of nutrients.
In traditional static cell culture systems, cells within scaffold constructs will receive nutrients only by diffusion from the surrounding media. 3, 7 Thus, with static culture, high cell densities on the scaffold exteriors often deplete nutrient supplies before these nutrients can diffuse to the scaffold interiors. 3 These diffusional limitations in static culture become more pronounced with decreasing scaffold porosity. Cells in the interiors of statically cultured scaffolds may ultimately become necrotic due to a lack of nutrients and an excess of metabolic waste products. 3, 11 In addition to these transport limitations, static culture systems also fail to provide any mechanical stimulation to cell-seeded scaffolds. It is well known that bone cells are sensitive to mechanical stimulation, 13 ,14 a constant in their natural environment. The absence of mechanical stresses may therefore hinder cell development in vitro. 13 These findings have motivated the development of enhanced culture systems, such as the flow perfusion bioreactor, 3, [15] [16] [17] which simultaneously provides sufficient transport of nutrients and wastes and continuous mechanical stimulation of cells, 3, 17, 18 creating dynamic culture environments that support in vitro formation of 3-D bone-like tissue.
Previous studies 19 demonstrated that biodegradable starch-based scaffolds were able to support attachment, proliferation, and differentiation of bone marrow stromal cells. The present study examines the influence of fiber mesh scaffold porosity on cell proliferation and differentiation. In particular, scaffolds were fabricated from a blend of starch and poly(-caprolactone), seeded with rat bone marrow stromal cells, and cultured statically or under flow perfusion to address the following experimental questions: 1) What is the role/influence of scaffold porosity in the sequential development of cell-scaffold constructs cultured under flow perfusion as compared to static culture? 2) Does the porosity of the scaffolds and/or culture conditions affect the structure and composition of the tissue formed in vitro? GOMES ET AL.
MATERIALS AND METHODS

Scaffold preparation and characterization
Two different scaffolds based on SPCL (a 30:70 wt% blend of starch with poly(-caprolactone)) were prepared by a fiber-bonding process consisting of cutting and sintering melt-spun fibers with a diameter of approximately 180 m. The different porosities of the fiber meshes were obtained using different amounts (by weight) of fibers. The porosity of the scaffolds was determined by microcomputerized tomography (CT) (ScanCo Medical CT 80, Bassersdorf, Switzerland) at a resolution of 10 m (n Ն 3 per formulation). 20 The morphology of the porous structure was further characterized using a scanning electron microscope (Leica Cambridge S360, Leica Cambridge, United Kingdom) after sputter coating the samples with gold (Jeol JFC 1100, Jeol, Peabody, MA).
All samples were cut into discs of approximately 8 mm diameter and 1.5-2 mm height and sterilized using ethylene oxide. Prior to cell seeding, the scaffolds were immersed in 30 mL of serum-free media in 50 mL tubes. Air was removed from the scaffold pores by generating vacuum with a 30 mL syringe equipped with an 18-gauge needle. The scaffolds were left in serum-free media overnight to allow swelling.
Isolation and expansion of rat bone marrow stromal cells
Rat bone marrow stromal cells were obtained from the femora and tibiae of 125-150 g male Wistar rats (Harlan, Indianapolis, IN). The isolation and culturing procedures of the rat bone marrow stromal cells were previously described. 21 Briefly, femora and tibiae were removed and washed in medium with a 10-fold higher antibiotic concentration than present in normal culture medium, which is composed of minimum essential medium (␣-MEM Eagle, Sigma, St. Louis, MO) supplemented with 10% fetal calf serum (FCS, Gemini, Calabasas, CA), 50 g/mL gentamicin, 100 g/mL ampicillin, and 0.3 g/mL fungizone. The epiphyses were cut off, and the diaphyses were flushed with 5 mL of complete culture medium, the same that was used for the entire experimental period, consisting of minimum essential medium supplemented with 10% FCS, 50 g/mL ascorbic acid (Sigma Chemical), 50 g/mL gentamicin, 100 g/mL ampicillin, 0.3 g/mL fungizone, 10 mM ␤-glycerophosphate (Sigma), and 10 Ϫ8 M dexamethasone (Sigma). The bone marrow obtained from all the rats was pooled and plated in 75 cm 2 flasks. The cells were cultured at 37°C in a humidified atmosphere with 5% CO 2 . The culture medium was refreshed after 24 h and thereafter every 2 days until day 6.
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Cell seeding on starch-based scaffolds
At near confluence, after 6 days of primary culture, the adherent cells were enzymatically lifted using trypsin/ EDTA (0.25% w/v trypsin/0.02% EDTA; Sigma), concentrated by centrifugation at 400 g for 5 min and re-suspended in complete medium. Subsequently, the scaffolds were inserted into cassettes (small containers into which the scaffolds are press-fitted and loaded into the bioreactor after cell seeding) that were then placed in 6-well plates. Each scaffold was then seeded with 300 L of a cell suspension containing 5 ϫ 10 5 cells and incubated for 2 h. Next, 10 mL of complete medium was added to each well and the seeded scaffolds were further incubated overnight to allow for cell attachment. The following day seeded scaffolds were placed into fresh 6-well plates for static culture or into the flow perfusion bioreactor and cultured in complete media for 7 and 15 days (n ϭ 6 scaffolds for each scaffold formulation at each time point for each culture condition).
Cell culture: the flow perfusion culture system
The bioreactor used in this study has been described in detail elsewhere. 15, 16 Briefly, this bioreactor consists of 6 flow chambers, each one containing a cassette into which the scaffold is press-fit. Gas-permeable silicon tubing connects each flow chamber with a peristaltic pump and a medium reservoir. Each chamber has its own independent pumping circuit, but all pumps draw media from a common reservoir. For these experiments, culture medium was pumped continuously at a flow rate of 1 mL/min from the supply reservoir, through the cell-scaffold constructs, and back to the reservoir. The total volume of medium in the flow system was 210 mL. In the static culture, 10 mL was added to each scaffold. In both culture systems, media were changed every 3 days. The entire flow perfusion bioreactor was maintained in an environment of 37°C with 5% CO 2 . Figure 1 At the end of each culture period, 4 of the 6 cell-scaffold constructs from each group were rinsed with phosphate-buffered saline (PBS) and stored at Ϫ70°C in 10 mL tubes containing 1.4 mL of distilled, deionized water for DNA, calcium, and alkaline phosphatase (ALP) analyses. Before performing the assays, the samples were thawed at room temperature and then sonicated for about 15 min. Simultaneously, at each time point, two scaffolds from each group were retrieved and fixed in a solution of 2.5% gluteraldehyde for scanning electron microscopy (SEM), Fourier transformed infrared spectroscopy with attenuated total reflectance (FTIR-ATR), and thin-film X-ray diffraction (TF-XRD).
Characterization of cultured scaffolds
Cellularity of scaffolds. The DNA content of each scaffold was measured using a PicoGreen DNA Quantification Kit (Molecular Probes, Eugene, OR). A description of the assay can be found elsewhere. 16 The cellularity of each scaffold was then calculated by correlation with the DNA of a known amount of marrow stromal cells.
Alkaline phosphatase activity. The alkaline phosphatase (ALP) activity was measured using a colorimetric endpoint assay, which measures the conversion of p-nitrophenyl phosphate to p-nitrophenol by the enzyme, alkaline phosphatase 16 (Sigma Diagnostic Kit #104).
Calcium content of scaffolds. Cell-scaffold constructs were incubated overnight in 1 N acetic acid to dissolve the deposited calcium. The calcium content was then measured using a colorimetric endpoint assay, which measures the amount of calcium-cresolphthalein complexone formed when the latter binds to free calcium in an alkaline solution (Sigma Diagnostic Kit #587). The amount of deposited calcium was expressed as milligrams of Ca 2ϩ equivalents per scaffold. 16 Scanning electron microscopy. SEM analysis was performed to study the distribution and morphology/structure of the cells and matrix on the cell-scaffold constructs. For this purpose, the samples were fixed in a solution of 2.5% glutaraldehyde (in PBS), dehydrated in a series of graded ethanol solutions, dried with tetramethylsilane, and sputter coated with gold (Jeol JFC 1100). Samples were then observed using a scanning electron microscope (Leica Cambridge S360).
Fourier transformed infrared spectroscopy with attenuated total reflectance. The composition of the cell-scaffold constructs cultured for 15 days in the perfusion biore- actor was analyzed by FTIR-ATR. The samples were fixed in a solution of 2.5% gluteraldehyde and dried at room temperature. All spectra were recorded using at least 64 scans and 2cm Ϫ1 resolution in a FTIR spectrophotometer (1600 Series, Perkin-Elmer, Boston, MA) with a single reflection ATR system (MKII Golden Gate, Specac, Orpington, United Kingdom). In order to exclude any possible contributions to mineralization from the culture medium, these results were compared to cell-free scaffolds, which were exposed to the same conditions as the statically cultured constructs before being analyzed.
Thin-film X-ray diffraction. Thin-film X-ray diffraction (TF-XRD, Philips X'Pert MPD, Eindhoven, The Netherlands) was used to identify any mineral phase present in cell-scaffold constructs cultured in the perfusion bioreactor for 15 days. As for the FTIR-ATR analysis, the samples were dried at room temperature after being fixed in a solution of 2.5% gluteraldehyde. The data collection was performed by the 2 scan method with 1°in-cident beam angle using CuK␣ X-ray line and a scan speed of 0.05°/min in 2. Again, the results were compared to cell-free scaffolds, which were kept in the same conditions and submitted to the same treatment as samples resulting from static cultures.
Statistical analysis
Results from DNA, ALP, and calcium assays are presented as means Ϯ standard deviation for n ϭ 4. Multiple pair-wise comparisons were performed using the Tukey-Kramer method with a significance level of 95%.
RESULTS AND DISCUSSION
Characterization of scaffold porosity
The two types of SPCL scaffolds produced for this study possessed a typical fiber-mesh structure (Fig. 2) , with porosities of 50.5 Ϯ 1.9 ( Fig. 2A) and 74.5 Ϯ 1.2 (Fig. 2B) , respectively, as determined by CT analyses. In this paper, the two scaffolds are referred to as 50% and 75% scaffolds, respectively.
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DNA analysis
The number of cells per scaffold (calculated from DNA measurements) at the end of each culture period studied is represented in Figure 3 . Initial cell attachment was 85-90%, resulting in between 4.2 ϫ 10 5 and 4.5 ϫ 10 5 cells at day 0 (data not shown). For both scaffolds (of different porosities) and for both culture conditions, it is possible to distinguish a first period of active proliferation, correspondent to the first week of culture. A period of decreased proliferation, reflected by the decline in DNA synthesis, was then observed and is typically associated with matrix maturation and late-stage differentiation of osteoblastic cells. 1 This behavior has been previously observed when marrow stromal cells were seeded 
FIG. 3.
Number of cells on SPCL fiber meshes-75% porous and 50% porous-after 7 and 15 days of culture under static and flow perfusion cultures. Error bars represent means Ϯ standard deviation for n ϭ 4. Results assigned with different symbols are statistically different (p Ͻ 0.05), indicating: *the higher cellularity in 75% porous scaffolds as compared to 50% in static cultures after 7 days of culturing; **the higher cellularity in 75% porous scaffolds as compared to 50% in static cultures after 15 days of culturing; ϩ the higher cellularity in 75% porous scaffolds as compared to 50% in bioreactor cultures after 7 days of culturing; ϩϩ the higher cellularity in 75% porous scaffolds as compared to 50% in bioreactor cultures after 15 days of culturing. The cellularity is also significantly higher in the bioreactor cultures, as compared to static cultures on both scaffolds, but this is not presented in order to simplify the data displayed.
into both starch-based scaffolds 19 and titanium fiber meshes 16, 22 and subsequently cultured under similar conditions. The cellularity of SPCL scaffolds with 75% porosity after 7 and 15 days of culture was significantly higher (p Ͻ 0.05) than that of scaffolds with 50% porosity cultured under the same conditions (static or flow perfusion conditions) for the same period of culture. These results suggest that higher porosity provides more space for cell proliferation but may also enhance diffusion of nutrients and facilitate metabolic waste removal that enables cell survival within the scaffolds.
Both 50% and 75% scaffolds cultured under flow perfusion show significantly higher (p Ͻ 0.05) cellularity than the same type of scaffolds cultured under static conditions, at both time points. In a previous study 19 in which the flow rate during perfusion culture was lower, histology demonstrated that flow perfusion enabled a better distribution of cells and matrix within the constructs compared to static culture due to the increased mass transfer resulting from the convective fluid flow provided by the perfusion bioreactor. The higher volume of media (and consequently of nutrients and stimulating factors) available for the constructs cultured in the perfusion bioreactor, as compared to constructs kept under static conditions, may also influence the proliferation and differentiation of the cells. The results of the present study agree with these results. In addition, the comparison of the cellularity of 75% porous scaffolds with the previous results 19 obtained for the same type of scaffold demon-POROUS STARCH-BASED SCAFFOLDS AFFECTS MSCs strates that increasing flow rate leads to enhanced cell proliferation, as was previously shown for titanium fiber meshes cultured under similar conditions. 16 Scanning electron microscopy SEM images obtained from the top surface (where cells were seeded) of 50% and 75% porous scaffolds after 15 days of culture in the flow perfusion bioreactor (Fig. 4) show the presence of a dense cell matrix filling the constructs. The bottom surface of the 75% porous scaffolds was also completely covered with a dense matrix, whereas the bottom surface of the 50% porous scaffolds was not completely covered. Thus, the lower porosity appears to hinder the penetration and distribution of cells throughout the entire construct. This observation is in agreement with the results obtained from DNA measurements, which indicate a higher cell number present in the 75% porous meshes. Additionally, in the higher porosity scaffolds, the flow perfusion induced de novo tissue modeling with the formation of pore-like structures within the deposited extracellular matrix. The same is not observed in the 50% porous scaffolds. Thus, scaffold porosity appears to affect both the amount of cells and matrix formed within the construct, as well as the structure of this newly formed tissue. 
Alkaline phosphatase analysis
B1
A1
A2 A3
B2
with different porosities after 7 and 15 days of culture under static and flow perfusion conditions. ALP is a protein associated with the bone cell phenotype, and its expression is found to significantly increase during the stage of active proliferation of osteoblastic cells. 1 During matrix maturation, the extracellular matrix undergoes several modifications in composition and organization, ultimately progressing to matrix mineralization. At this point, every cell expresses alkaline phosphatase. 1 In the present study, a significant increase in ALP activity from days 7 to 15 of culture was observed for all samples cultured under static and flow perfusion conditions, in agreement with the patterns described in the literature. 1 In this case, the scaffold porosity did not have a strong influence on this marker of osteoblastic differentiation, as no significant difference was found between the ALP levels of 50% and 75% porous scaffolds. However, significantly higher ALP expression was found in perfusion cultures of 75% porous scaffolds when compared to statically cultured 75% porous scaffolds at the same time point. Enhanced ALP activity in perfusion cultures has been previously observed with titanium fiber meshes. 22 Since this trend was not observed with 50% porous scaffolds, both porosity and fluid flow appear to affect the sequential development of osteogenic cells. Additionally, ALP is known to be a transient marker of osteoblastic differentiation that is downregulated as differentiation progresses. Because samples were analyzed at only two time points, other statistical differences in ALP levels between scaffold types and/or time points may have been over-GOMES ET AL.
looked as a result of ALP activity peaking in between time points. However, these time points do allow for adequate determination of statistical differences in endstage markers such as calcium deposition. Figure 6 displays the calcium deposition per scaffold in 50% and 75% porous scaffolds cultured under static and flow perfusion conditions after 7 and 15 days. Mineral accumulation is a consequence of pre-osteoblastic cell progression through the proliferation and matrix maturation stages of differentiation. Calcium deposition is an essential step for the further upregulation or expression of genes responsible for the mineralization of the extracellular matrix. 1 In this study, almost no calcium was measured in scaffolds by the end of the first week of both static and flow perfusion culture. However, at the end of the second week, a dramatic increase in calcium deposition was observed in scaffolds cultured in the flow perfusion bioreactor. In fact, the calcium deposited on the scaffolds cultured under flow perfusion conditions (both for 75 and 50% porous scaffolds) after 15 days of culture was significantly higher (p Ͻ 0.05) than calcium deposited on scaffolds cultured under static conditions. These trends are in agreement with previous results for culture of marrow stromal cells on starch-based polymer scaffolds in a flow perfusion bioreactor. 19 
Calcium deposition
806
FIG. 5.
Normalized ALP activity of marrow stromal cells after 7 and 15 days of culture on SPCL fiber meshes with 75% and 50% porosity. Error bars represent means Ϯ standard deviation for n ϭ 4. Statistically different results (p Ͻ 0.05) indicate: *the significantly higher level of ALP activity observed for 75% scaffolds cultured under flow perfusion compared to static cultures for 7 days of culture; **the significantly higher level of ALP activity observed for 75% scaffolds cultured under flow perfusion, compared to static cultures for 15 days of culture.
FIG. 6.
Calcium deposition on SPCL fiber meshes-75% porous and 50% porous-after 7 and 15 days of culture under static and flow perfusion conditions. Control refers to samples without cells which were "cultured" under static conditions. Error bars represent means Ϯ standard deviation for n ϭ 4. Statistically different results (p Ͻ 0.05) indicate: *the significantly higher calcium deposition after 15 days of culture in flow cultures as compared to static cultures of 50% porous scaffolds; ϩ the significantly higher calcium deposition after 15 days of culture in flow cultures as compared to static cultures of 75% porous scaffolds.
Calcium deposition was seen to increase with increasing porosity, but no significant differences between scaffold types were observed. Shear forces experienced by cells are expected to increase in fiber meshes exhibiting lower porosity. These forces can be calculated assuming a cylindrical pore model approximation for the scaffold pore morphology. 23 The shear forces experienced by the cells seeded into 75% and 50% porous scaffolds were estimated to be on the order of 0.2 and 0.3 dyn/cm 2 , respectively. Previous work has shown that increasing shear forces are associated with increasing calcium deposition in titanium fiber mesh scaffolds. 22 The higher calcium deposition observed in this study for scaffolds of higher porosity may be explained by the higher number of cells and cell density registered in these scaffolds (as demonstrated by the DNA analysis), which is a very important factor in mineralization. These results further support the importance of scaffold structure and culture conditions on the osteogenic differentiation of bone marrow stromal cells.
The results obtained for the 75% porous scaffolds using a flow rate of 1mL/min are also significantly higher than those obtained in a previous study 19 for the same scaffolds cultured at lower flow rates (0.3 mL/min). This effect has been observed in other studies 16, 22 and is associated with increased mechanical stimulation induced by the increased fluid shear stresses experienced by the cells cultured under higher flow rates.
POROUS STARCH-BASED SCAFFOLDS AFFECTS MSCs
FTIR-ATR
To demonstrate the clinical feasibility of tissueengineered bone, rapid mineralization of osteoid tissue grown in vitro must be achieved to sufficiently match the intrinsic properties of autogenous bonegraft material. 7 Nevertheless, the analysis of mineral deposition occurring in in vitro cultures is frequently based on von Kossa or Alizarin red staining or by calcium uptake. 24 However, the results arising from these analyses can be misinterpreted, as the matrix is known to uptake calcium independently of mineral deposition. Therefore, these methods should be complemented with diffraction or spectroscopy methods. 24 In this study, FTIR-ATR spectra were obtained from 75 and 50% porous meshes cultured for 15 days in the perfusion bioreactor (Fig. 7) . These spectra showed the presence of amide bands at about 1634 cm Ϫ1 (amide I) and 1525 cm Ϫ1 (amide II), which can be assigned to the protein matrix formed.
The FTIR-ATR spectra also display reflectance peaks associated with the phosphate group in carbonated apatite (group bands at 1041 cm Ϫ1 and 562 cm Ϫ1 ), clearly suggesting the presence of mineralized extracellular matrix. The spectra collected for both 50% and 75% porous scaffolds were identical. Figure 8 shows the TF-XRD patterns of cell-scaffold constructs of different porosities after 15 days of culture in the flow perfusion bioreactor using cell-free scaffolds as controls. In these diffraction patterns, several characteristic peaks of hydroxyapatite were visible, which were confirmed by comparison to an XRD pattern of standard hydroxyapatite (JCPDS 9-432). The apatite formed appeared to be mainly amorphous, as is typically observed for minerals occurring in the presence of proteins, such as apatite in bone. 24 The patterns corresponding to 50% porous scaffolds are similar to those seen for the 75% scaffolds. However, it was found that the diffraction peaks of the apatite phase exhibited lower intensity in 50% porous scaffolds, and one of the peaks, correspondent to the plane (210) as-GOMES ET AL. signed in the patterns of the 75% porous scaffold, is not evidenced in the patterns correspondent to 50% porous scaffolds. This might be a further indication of the influence of porosity in the development of the mineralized extracellular matrix by marrow stromal cells cultured under flow perfusion conditions. These results, together with the FTIR-ATR spectra, suggest that the mineral formed by marrow stromal cells seeded in SPCL fiber meshes and cultured under flow perfusion conditions is a carbonated apatite mineral similar to the major mineral component of bone. 26 
TF-XRD
CONCLUSIONS
This study shows that biodegradable starch-based fiber mesh scaffolds in conjunction with fluid flow bioreactor culture enable the creation of culture environments with minimal diffusional constraints and the appropriate mechanical stimulation for marrow stromal cell differentiation toward production of a mineralized bone-like extracellular matrix. This mineralized matrix contained carbonated apatite mineral similar to the major mineral component of bone.
This study demonstrates that increased scaffold porosity significantly enhances the proliferation of marrow stromal cells cultured under static and flow perfusion conditions and influences the sequential development of the seeded cells. Furthermore, flow perfusion was seen to induce de novo tissue modeling with the formation of pore-like structures in the scaffolds of higher porosity. These results demonstrate that this structural aspect of scaffolds, in combination with the culture environment, influences the structure and possibly the functionality of bone-like tissue substitutes formed in vitro.
The culturing of highly porous starch-based fiber mesh scaffolds seeded with marrow stromal cells under flow perfusion conditions may allow for the development of adequate in vitro engineered substitutes for the repair of bone tissue.
